E-government development is often complex, with multiple stakeholders, large user bases and complex goals. Consequently, even experts have difficulties in evaluating these systems, especially in an integrated and comprehensive way, as well as on an aggregate level, and thus, there is currently little knowledge about the actual impact and results of e-government. Expert systems are a candidate solution to evaluate such complex e-government systems. However, it is difficult for expert systems to cope with uncertain evaluation data that are vague, inconsistent, highly subjective or in other ways challenging to formalize. This paper presents an approach that 2 can handle uncertainty in e-government evaluation: The combination of Belief Rule Base (BRB) knowledge representation and Evidential Reasoning (ER). This approach is illustrated with a concrete prototype, known as the Belief Rule Based Expert System (BRBES) and implemented in the local e-government of Bangladesh. The results have been compared with a recently developed method of evaluating e-government, showing that the BRBES approach is more accurate and reliable. The BRBES can be used to identify the factors that need to be improved in e-government projects and can juxtapose different scenarios. Thus, the system can be used to facilitate decision making processes under uncertainty.
Introduction
Governments in many countries are investing vast resources on e-government, aiming to achieve increased efficiency, new business models and perhaps even a more democratic society.
However, it is necessary to evaluate the efficiency and effectiveness of the e-government of a country, because little exists knowledge on the impact and results associated with e-government projects and their capacity for real fundamental transformation of relationships between government, citizens, businesses and employees (Esteves & Joseph, 2008; Luna-Reyes, GilGarcia, & Romero, 2012) . Since the development of e-government is a continuous process, projects need continuous assessment of their nascent or transactional stages, in order to achieve their aims, and for the stakeholders to make appropriate decisions (Al-Sebie & Irani, 2005; Gupta & Jana, 2003) . In the following we will argue that present methods of evaluating e-government fail to take various forms of imprecision and complexity into account, and we will introduce an alternative solution.
E-government is very complex since it involves intricate relationships between technological, organisational, institutional and contextual variables (Helbig, Ramón Gil-García, & Ferro, 2009) . These variables play an important role in determining the characteristics variables, such as the quality of user environment, electronic management, e-services etc. (LunaReyes et al., 2012) . For example, the quality of e-government applications (personalization, usability, accessibility etc.) are related to a series of determinants, such as institutional and organizational frameworks, as well as to the technological infrastructure. High quality applications will produce expected results and benefits, such as transparency and accountability, efficiency and effectiveness, citizen participation, effectiveness and program policy, and ultimately high a quality of public service. The above variables can be grouped into three categories, namely Determinants (D), Characteristics (C) and Results (R); and they are intricately interrelated. Therefore, in order to capture the complexity of e-government, an evaluation model should be developed based on these three categories of variables (Luna-Reyes et al., 2012) . This approach would allow the evaluators to perceive how the results are produced and to identify the contributing role of each variable in the overall evaluation of the e-government in an integrated way. Other approaches (Dawes, 2008; Esteves & Joseph, 2008; Gupta & Jana, 2003; Karunasena & Deng, 2012; Raus, Liu, & Kipp, 2010; Stowers, 2004; Verdegem & Verleye, 2009) do not allow such evaluation. We consider that an overall evaluation establishes a measure of the usefulness of the system, cf. (Nielsen, 1993) , who defines it as "Usefulness is the issue of whether the system can be used to achieve some desired goal." (ibid, p. 24) Such an approach would allow the decision makers to develop an appropriate policy, enabling the enhancement of future e-government initiatives of a country. It is interesting to note that many of the variables that e-government literature deals with, and which we will delve more into in the following, cannot be measured with precision or with 100% certainty. The reason for this is that most of the variables are subjective in nature, for example, usability, which cannot be measured with 100% certainty. Hence, any approach to evaluate e-government should consider this uncertainty phenomenon.
Since e-government evaluation is a complex issue, algorithmic solutions cannot be considered. A problem of this nature is often handled by developing an expert system. Expert systems have already shown their applicability within important fields of e-government evaluation (Magoutas & Mentzas, 2010; Shan, Xin, Wang, Li, & Li, 2013; H.-H. Yang, Liu, Chang, & Yang, 2012 ). An expert system consists mainly of two important parts: The knowledge-base and the inference engine. Various knowledge representation languages such as Propositional Logic (PL), First-order Logic (FOL), and Fuzzy Logic (FL) are used to develop the knowledge base (Angulo et al., 2012; Liu, Singonahalli, & Iyer, 1996) , and reasoning mechanisms such as forward chaining (FC) and backward chaining (BC) are used to develop inference engines (Russel & Peter, 2009 ). However, neither PL nor FOL are equipped with schemas that can capture uncertainties. On the other hand, although FL handles some uncertainties due to ambiguity, vagueness or imprecision, it cannot handle other types of uncertainties such as ignorance, incompleteness, and ignorance in fuzziness, which may exist within different categories of variables associated with e-government. Therefore, in order to develop such expert systems, a knowledge representation language is required which will enable the handling of different types of uncertainties that exist within the variables of e-government, as mentioned previously. Furthermore, inference mechanisms such as FC and BC are not equipped to handle uncertainties, and hence, the expert system should have the inference engine, facilitating the handling of uncertainties. For these reasons, the uncertain data that exist in the evaluation of e-government, need to be processed by using a refined knowledge representation schema and inference mechanism. Hence, this article considers the employment of a recently developed Belief Rule Base (BRB) inference methodology using the Evidential Reasoning approach (RIMER) (Jian-Bo Yang, Jun Liu, Jin Wang, How-Sing Sii, & Hong-Wei Wang, 2006; Zhou, Hu, Xu, Yang, & Zhou, 2010) for the design and development of an expert system. RIMER consists of two main parts. BRB is a knowledge representation schema used in the first part, while Evidential Reasoning (ER) is used as an inference mechanism in the second part.
BRB is the extended form of traditional IF-Then rule bases, and contains appropriate schemas to capture different types of uncertainties and allow the handling of non-linear causal relationships.
Case-Based Reasoning (CBR) is also used as a method to build a knowledge base (Fang et al., 2014; B. Sun, Xu, Pei, & Li, 2003) ; however it accepts anecdotal evidence as its main operating principle and hence, the deduction of inference based on CBR is unreliable. In contrast, for a number of reasons, rule bases appear to be one of the most common forms for expressing various types of knowledge (Jian-Bo Yang et al., 2006; R. Sun, 1995) . As such, rule based expert systems usually constructed from human knowledge in the form of IF-Then rules become the most visible and fastest growing branch of Artificial Intelligence (Jian-Bo Yang et al., 2006; R. Sun, 1995) . The capturing of human knowledge is essential to enabling the evaluation of egovernment and hence, building a knowledge base by using a rule base should be appropriate than that of CBR. Knowledge base building by the use of a rule base is also common in other areas of a problem domain, such as agricultural ecosystem management (L. Xu, Liang, & Gao, 2008) . The Evidential Reasoning approach (M.S. Hossain Md, Salah Uddin Chowdury, & Sarker, 2013; J.-B. Yang & Sen, 1997; Yang, Jian-Bo & Singh, 1994 ) deals with multiple attribute decision analysis (MADA) of problems with both qualitative and quantitative attributes under uncertainties and hence facilitates the handling of uncertainty in the inference process.
The purpose of the remainder of this article is to outline the development of a Belief Rule Based Expert System (BRBES) that can be applied to evaluate e-government in a country.
Bangladesh was chosen as the case study area for the application of the system. It will be demonstrated that the result generated from the system is more accurate than the recently proposed multidimensional model for evaluating e-government (Luna-Reyes et al., 2012) . This article is divided into seven sections, including the above introduction. The second section presents the variables associated with Determinants, Characteristics and Results and their associated different types of uncertainties. The third section describes methodology used to develop the expert system. The fourth section presents the design and implementation of the expert system. The application of the BRBES and its validation are presented in section five.
Section six presents the discussion, while section seven includes some final comments and suggestions for future research. Table 1 illustrates the common e-government variables associated with the three different categories, namely determinant, characteristics and results (ibid). We departed from the LRF and consulted additional literature when further elaboration was needed, as indicated in Table 1 below. The 
Electronic Government Variables and their Uncertainties

Determinants
A better understanding of the determinants of the characteristics and the results are essential. The main determinants identified in the literature consist of quality of the information and existing data to feed into the systems, technological infrastructure and compatibility, organisational and management-related characteristics, existing legal and institutional frameworks and potential demand. Again, these variables are subjective in nature and hence contain various types of uncertainties, as noticed during our field visits, as illustrated in Table 1 .
Characteristics
Characteristics of e-government facilitate the evaluation of how the technical and functional requirements were made (Luna-Reyes et al., 2012) . Examples of such requirements are usability, quality of information available on web sites and in systems, privacy, security, interaction, integration, personalization, accessibility, and services. The uncertainties associated with the quality of information available on websites and in systems include imprecision, incompleteness and vagueness. Imprecision may exist because of the absence of indication of quality or acceptance of quality. Incompleteness may exist, for instance, because a user does not wish to disclose his opinions on a given matter. Vagueness may exist because information and the interface of a website are usually evaluated in terms of linguistic terms such as good, very good and excellent, which are relatively imprecise. Therefore, the uncertainties associated with the other variables were identified as illustrated in Table 1 during our visits to the case study areas.
Table 1
The measurement framework with e-government. Citizen participation Imprecision and incompleteness
The degree to which citizens of all classes can influence the systems Changes in the regulatory framework
Inconsistency
The process which ensures the routine upgrading of the existing system
Results
The results manifest the benefits, identified as the impact of e-government. The main egovernment result variables identified in the literature are the following: statistics on systems usage, quality of public services, efficiency and productivity, effectiveness of programs and policies, transparency and accountability, citizen participation and changes in the regulatory framework. These variables are subjective in nature, and the various types of uncertainties associated with them were identified during the field visits, as shown in Table 1 .
An expert system would generate appropriate results if it encapsulated these three types of variables under uncertainty. Table 1 .
BRB Methodology for an Expert System to Assess E--
Government
Therefore, BRB can be considered to be an appropriate knowledge representation schema to build the knowledge base of the expert system. Fig.1 shows the architecture of the Belief Rule
Based System, consisting of its input, inference procedures and output components. Inference procedures consist of input transformation, rule activation weight calculation, rule update mechanisms, followed by the aggregation of the rules of a BRB by using ER. This aggregation facilitates the obtainment of the distribution of belief degrees for the consequent attribute for the given values of antecedent attributes of a BRB.
This section presents the BRB, which will provide the understanding of the knowledge acquisition and representation procedures. Eventually, this will be used to build the initial BRB for a problem domain, in our case an e-government evaluation. The procedure of input transformation is introduced in this section. The aggregation procedure of rules in an initial BRB uses the ER methodology, which is considered as the inference mechanisms presented in this section. This will allow the calculation of the belief distribution of a consequent attribute for certain input values of antecedent attributes of a BRB. The procedures of the rule update mechanism are also discussed. =1,……,, =1,…… , is the degree of belief to which the consequent reference value is believed to be true. If , the kth rule is said to be complete; if not, it is incomplete. Tk is the total number of antecedent attributes used in kth rule.
L is the number of all belief rules in the rule base. N is the number of all possible referential values of consequent in a rule.
An example of a belief rule in the domain of e-government evaluation can be written in the following way:
Where {(Excellent, 0.00), (Very Good, 0.2222), (Good, 0.7778), (Satisfactory, 0.00), (Poor, 0.00)} is the belief distribution associated with the "User Environment" consequent of the belief rule as represented in (1). "Excellent", "Very Good", "Good", "Satisfactory" and "Poor" are the referential values of the consequent "User Environment" of the rule. The belief distribution states that the degree of belief associated with "Excellent" is 0%, 22.22% with "Very Good", 77.78%
with "Good", 0% with "Satisfactory" and 0% with "Poor". In this belief rule, the total belief is (0+0.2222+0.7778+0+0) =1 and hence, the assessment is complete.
BRB Inference System
The BRB inference system as illustrated in Fig.1 consists of various components, all aimed at the aggregation of the rules of a BRB by using ER. This section presents a discussion of the central components.
Input Transformation
The input transformation of a crisp (non-fuzzy) value of an antecedent attribute P i consists of distributing the value into belief degrees of different referential values of that antecedent. This is equivalent to transforming an input into a distribution on referential values of an antecedent attribute by using their corresponding belief degrees . The ith value of an antecedent attribute at a specific point in time can likewise be transformed into a distribution across the referential values defined for the attribute by using their belief degrees. The assessment of the input value is shown in the equation below (3).
Here, H is used to show the assessment of the belief degree assigned to the input value of the antecedent attribute. In the above equation, (ith value) is the jth referential value of the input, is the belief degree to the referential value with . and is the number of the referential values.
In this research, the input value of an antecedent attribute is collected from the people working in the different ICT projects in Bangladesh. They gave the value in a 1-10 scale. This value was then distributed in terms of belief degree of the different referential values [Excellent, Very Good, Good, Satisfactory, Poor] of the antecedent attribute. The referential values can be assigned some preference/utility values . For example, the "Excellent" referential value can be assigned utility value h 5="10", "Very Good" can be assigned h 4= "7", "Good" can be assigned h 3 = "6", "Satisfactory" can be assigned h 2 ="5", and "Poor" can be assigned h 1 = "4". The above procedure of input transformation is elaborated in the equations (4) to (7) below.
h 5≥ ≥ h 4, th , 4= 5= 1− 4 ...(4) h 4≥ ≥hi3, th , 3= 4 4= 1− 3 ….. (5) i h 3≥ ≥h 2, th , 2=
Calculation of activation weight
It is important to note that the rule (kth) of an initial rule base of a BRB is constructed by taking account of only one of the referential values ( , which is the element of ) of an antecedent attribute ( ). Therefore, it is necessary to determine the degree of belief (which is the element of ) of this referential value ( ), which can be defined as the matching degree at which the belief is matched. can be calculated by using (4) to (7). When a matching degree is assigned to the referential values of the antecedent attributes of a rule, the rule is considered as activated. This phenomenon is called Packet Antecedent of a rule. When the kth rule is activated, the weight of activation of the kth rule, , is calculated by using the flowing formula (Jian-Bo Yang et al., 2006) .
……(8)and
Where is the relative weight of used in the kth rule, which is calculated by dividing weight of by maximum weight of all the antecedent attributes of the kth rule. By doing so, the value of becomes normalized, meaning that the range of its value should be between 0 and 1.
is the combined matching degree, which is calculated by using a multiplicative aggregation function.
Belief Update of Incomplete Data
After the kth rule as shown in (1) is activated, the incompleteness of the consequent of a rule can also result because of a lack of data in the antecedents. While collecting data, we noticed that some people were unable to comment on some of the e-government variables mentioned previously, meaning they have incomplete knowledge or ignore the issue. An incomplete input for an antecedent attribute will lead to an incomplete output in each of the activated rules in which the attribute is considered. The original belief degree in the ith consequent of the kth rule is updated based on the actual input information (D.-L. Xu et al., 2007) .
……(9)
Where Here is the original belief degree and is the updated belief degree.
Rule Aggregation
The ER approach (M. S. Hossain, Chowdhury, & Sarker, 2013; Mahmud & Hossain, 2012; Tang et al., 2012; J.-B. Yang & Singh, 1994) 
….(11)
where k is the activation weight, which also needs to be calculated (see . The final combined result or output generated by ER is represented by 1, 1 , 2, 1 , 3, 1 ,………, , , where is the final belief degree attached to the jth referential value of the consequent attribute, obtained after combining all activated rules in the BRB by using ER.
Output of the BRB System
The output of the BRB system is not crisp/numerical value. Hence, this output can be converted into crisp/numerical value by assigning utility score to each referential value of the consequent attribute. …….. (12) where is the expected score, expressed as a numerical value, and is the utility score of each referential value.
A Belief Rule Based Expert System (BRBES) for Evaluating E--government
The architecture of the BRBES for the evaluation of e-government along with an implementation strategy for this expert system are introduced in this section. It also represents the components of this architecture, including knowledge base, inference engine and system interface. We provide this overview in order to provide the reader with an idea of how comprehensive it is to implement a BRBES. Furthermore, it is difficult to follow the evaluation of the BRBES as an alternative to the LRF evaluation method without at least an idea of its inner mechanics.
System architecture
System architecture represents how its components consisting of input, process and output are organized. It also considers the pattern of the system organization, known as architectural style.
The BRBES developed here adopts a three-layer architectural style, including an interface layer (used to obtain antecedent referential value from the people involved with ICT project and to and the data management layer (consisting of an initial rule-base developed by using the BRB and survey data collected from the ICT personnel or people using the system). A relational database (MySQL) has been used as back-end to store and manipulate the initial BRB, which represents the knowledge base of the system (see Fig. 2 ).
The inference engine works in the following way: i) It first reads input data acquired from the ICT personnel or people involved ii); the input data are then transformed by using (4) to (7), iii) calculates the activation weight of all rules using (8), iv) updates belief degree of consequence in rules using (9) and finally, v) aggregates all rules by using (11).
Knowledge Base Construction in the BRBES
In order to construct the knowledge base for this expert system, a BRB framework (taking into account variables associated with the determinants, characteristics and results shown in Table 1) was developed, as illustrated in Fig. 3 . From this framework, it can be observed that the input variables that determine the evaluation of e-government include all the variables shown in Table   1 . However, to reduce the computational complexity of the BRBES, nine variables under the category of 'Characteristics' were again categorized into three sub-groups, i.e. 'user environment' (C1), 'resource management' (C2) and 'authentication protocol' (C3). Fig. 3 illustrates the variables in each sub-group. For the same reason, seven variables under group 'results' were categorized under two sub-groups, i.e. 'result analysis' (R1) and 'result specification' (R2); and the related variables were assigned to sub-groups as shown in Fig. 3 . using the previous rule bases if available, and by 4) using random rules without any preknowledge. In this research, the initial BRB was constructed by taking account of domain expert knowledge. The expert assigned equal rule weights to all belief rules i..e "1"; all antecedent attributes assigned also to equal weight i.e "1". 
BRBES Graphical User Interface
A system interface can be defined as the media, enabling the interaction between the users and the system. Fig. 4 illustrates a simple interface for the BRBES. This interface facilitates the acquiring of the leaf nodes (antecedent attributes) data of the BRB framework (Fig. 3) , which are collected from ICT personnel or the people involved with the project. The system interface It is interesting to note that the child nodes (C1, C2, C3) of the 'Characteristics' node are not the leaf nodes, and hence, their data cannot be acquired externally to feed the system. These child nodes are actually the consequents of the C1, C2 and C3 sub-rule-bases, and their referential values were already been calculated by the system as the degree of belief. However, in order to obtain the single data value, each referential value of the consequent was multiplied by the utility values, as mentioned in Section 3. The calculated single data value of C1, C2 and C3 were considered to be the antecedent value of the 'Characteristics' sub-rule-base. Fig. 4 also illustrates the overall e-government assessment (can be considered at the high or aggregated level), which is {Excellent (0), Very Good (0), Good (0.1684), Satisfactory (0.7815), Poor (0.0501)}. This is transformed into crisp value by using equation (12), which is 51.183%, as shown in Fig. 4 .
Application of BRBES and its Validation
In this research, a case study within local e-government in Bangladesh was considered in which the applicability of the BRBES is demonstrated. The way in which users' detailed perceptions of an e-government system can be aggregated to an overall perception of its usefulness and be visualized has already been demonstrated in Fig. 4 . This is essential for the simulation of citizen perceptions to be used for design support and decision support. BRBES's ability to incorporate uncertainties will lead to a more powerful modelling than the original LRF model (Luna-Reyes et al., 2012) , which uses a simple average of all variables. The BRBES model has other potential uses as well, which we will discuss below.
The geographical units of the country are divided into seven administrative units, called Divisions, which are further sub-divided into 64 districts. The citizens in three of these districts were considered as the population for this study. The local websites of three of these districts (Chittagong, Cox's Bazar, & Bandarban) for G2C services were selected as a case for the evaluation of the merits of the system. A detailed description of the services evaluated is beyond the scope of this paper, but the system enables citizens to acquire information on rules and regulations such as the country's present ICT act 'The Right to Information Act' of Bangladesh and its statutes etc. These systems also allow citizens to fill out and submit forms for various purposes, such as land registration and passport application, and in some cases they are able to track the progress online. We compare the BRBES evaluation against the evaluation process of Luna-Reyes et al. framework (2012) . We will denote the latter by 'LRF' below. This section presents the survey data collection procedures, and based on this dat,a the validation of the BRBES is also presented by using Receiver Operating Characteristics (ROC) curves.
Survey Data Collection Procedures
A multi-staged stratified sampling technique has been employed in this research (Babbie, 1995) .
The districts of interest were divided into areas to ensure a precise sampling. The authors collected data from internal and external users or experts (people who were nominated by the Bangladesh government to execute the E-Government system with proper knowledge and training, and who are considered as internal personnel, whereas the people who are receiving benefits or services from the E-Government System are called external users) through survey questionnaires which were quantitative in nature. In this case study, the survey data were retrieved by structured interviews conducted jointly by the two last authors of the paper. Table 3 shows the sampling frame which was used for the internal personnel or experts.
Furthermore, data from 454 internal and external respondents were collected for the analysis.
The sample can be considered sufficient, because sample sizes of more than 30 and less than 500 are appropriate for most research (Roscoe, 1975) . This second category will also help to illustrate how BRBES can process data received from multiple stakeholders.
System Validation Using ROC Curves
Assessment of predictive accuracy is a crucial aspect of evaluating and comparing models, algorithms or technologies that produce the prediction. The ROC curves provide a comprehensive and visually attractive method of summarizing the accuracy of predictions (Gönen, 2007) . Therefore, ROC curves have become the standard tool for this purpose, and their use is becoming increasingly common in fields such as finance, clinical applications, atmospheric science, machine learning and many others. Therefore, in this research, ROC curves were used to measure the accuracy of the e-government evaluation generated by the prototype BRBES. This will also allow comparison between the LRF method of evaluating e-government and the prototype BRBES in terms of accuracy. Usually, the accuracy of the results can be measured by calculating the size of the Area Under Curve (AUC) (Gagnon & Peterson, 1998) .
The larger the area, the higher is the accuracy of the results.
The collected data from the internal and external users/experts associated with ICT projects of the three districts of Bangladesh were used as input data in the prototype BRBES to evaluate the e-government performance. between BRBES and LRF, since the expert's opinion on the usefulness on an e-government system in itself is really just an evaluation of how users use the system for their own goals.
From Fig. 5(a) , and Table 4 , it can be observed that the difference in evaluation of the 'determinant' dimension of the e-government evaluation framework is large since the AUC for BRBES is significantly larger than that of the LRF method. The reason for this is that during our survey, especially external users were unable to evaluate several variables under the different categories, as can be seen from excerpts of the data shown in Tables 5-7 . This implies that they have incomplete information or expressed ignorance on these variables. The AUC of BRBES is significantly greater than the LRF method [ Table 4 and Fig. 5(a) ], because BRBES has the approaches to process this type of uncertainty, whereas the LRF method does not possess this but is based on simple mean value calculation, as mentioned earlier. Table 4 it can be inferred that BRBES' generated evaluation results are more accurate than those of the LRF method, since for both of these cases, the AUC of BRBES is greater. It is interesting to note that the LRF method did not consider the top level evaluation of the e-government, but BRBES did consider this phenomenon. The evaluation result of overall e-government is better than that of the LRF method as illustrated in Fig. 5(d) and Table 4 . Hence, it can be argued that BRBES' output reflects the user's perception much more than does the LRF method. Several users provided incomplete answers (sometimes due to a lack of knowledge or ignorance of a given issue), and the BRBES takes this into account (see Section 3.2.3). In addition, the BRBES' output would be even closer to the user's perception if the actual weight of each variable was considered during processing of the data, although the ID QoI Ser IR IG PRS SEC PRV ACC US 1 6 6 0 9 6 7 5 0 0 2 7 5 0 5 7 10 5 0 0 system provides the option of changing the weight value of the variable. The weight of variables is assigned "1" (equal weight), as mentioned above.
The area under the ROC curve (AUC) was calculated by using the prism method [ Table 4 ].
This method computes the area under the entire AUC curve by a trapezoidal method, starting at [0, 0] and ending at [100, 100] . It calculates the area of each trapezoid by calculating the area of the equivalent rectangle. The area under the curve is the sum of areas of all the rectangles (Gagnon & Peterson, 1998) . The AUC for BRBES is 0.725 (95% confidence intervals 0.501-0.86), and the AUC of the LRF method is 0.535 (95% confidence intervals 0.368-0.612), as shown in Table 4 . The ROC curves of Figure 5 were drawn by developing a function in MatLab.
SPSS 11.5 was also used to construct the ROC curves and to calculate the AUC.
Discussion
The reporting of user perception aggregations demonstrated above is not the pinnacle of functionality in the development of the BRBES. The architecture of the model and system also allows for a large number of adjustments, such as weighting of the nodes, rules and belief degrees, which will increase the accuracy of predictions [see Section 3]. Methods for training this type of expert system already exist (D.-L. Xu et al., 2007) . The LRF model can of course also be readjusted to give greater weight to some factors, but its knowledge representation has no inherited support for that. The BRBES can also be used to generate various 'what if scenarios'
by taking account of different values of the leaf node variables under uncertainty, as mentioned in Sections 3 and 4. This will allow the analysis of an e-government system from various perspectives, which can be used by policy makers to develop appropriate strategies to achieve certain goals. For example, more attention can be paid to less focused factors/variables, shown as leaf nodes in the BRB structure, to upgrade the system's level of performance. This may be necessary to achieve the goal of the e-government system. In addition, the BRBES facilitates the evaluation of the three dimensions, i.e. determinants, characteristics and results in a separate manner, as shown in the previous section. However, simulation is only one of the potential uses of the system.
Prediction of the future perceptions of users
The present case study tested the correlation between current detailed perceptions and current overall perceived usefulness. However, the BRB model can also be used to infer the future perception of the system, e.g. how current shortcomings of transparency or connectivity will shape the overall perceptions of users. E-government transactions can be considered as an abstract workflow model with input, determinants and results. As such, it can be simulated (see e.g. Tan, Xu, Yang, Xu, & Jiang, 2013) . However, while promising, we see this as a non-trivial task due to user heterogeneity, requiring extensive longitudinal data from the problem domain.
Benchmarking
The BRBES is especially powerful for benchmarking between systems, or versions of the same system, or between administrative units. Ceteri paribus, the system with the higher score is the preferred investment alternative. A system with a relatively low score is a candidate for retirement, upgrading or redesign. BRBES is also useful as a first step in an analysis process in which a subsequent analysis can "zoom in" on explaining the causes for strong or weak performance. Systems with a (relatively) good performance are candidates for "best practice" learning across public sector organisational units.
Automated and Dynamic Composition
In our proof-of-concept system validation, we have used input from users. In principle, egovernment can be automatically reconfigured, so that an evaluation expert system yields a result, and the e-government provider then automatically composes the offer based on that result.
The composition can consist of either changing which services that can be accessed by the citizen (e.g. taking down a very unpopular service) or replacing parts in an aggregated service.
This presumes that there are several services to choose between, and that there is an overarching system that can choose between components. It also presumes that the information of the users can be collected continuously and automatically. This can be accomplished e.g. through a survey after the use of an e-government service, which is informed by the expert system's variables.
BRBES would be able to aquire some of the data automatically (Magoutas & Mentzas, 2010) through web analytics, although the extent to which this can be automated will be dependent on the specific service evaluation and on the context of use. Some interesting work is being done in the area of automated composition through AI generally, also for nondeterministic processes (P. Wang, Ding, Jiang, & Zhou, 2014) . Ultimately, the potential for automatic composition of this type is a question of how involved humans could be in the design of systems (Dreyfus, 1992) .
This debate our present study cannot resolve; we have only shown how it is possible to conduct an automated aggregated evaluation of e-government, despite that the fact that the input may contain uncertainties of various types.
The Basis for Stakeholder Negotiations
Rather than assuming that one stakeholder constitutes the "golden standard", the system can generate a description and a type of summary of the use characteristics of the system, which can form the basis for discussions between stakeholders.
The BRBES describes the aggregate usefulness of a system, and was defined as the way in which the system was able to reach specific goals. Different stakeholders have different goals, and hence they will not be evaluated in the same way. In other words, who should the expert system serve? And if it replaces the expert, who did he or she serve? There are at least two ways to use the system: 1) Refine the weights of the nodes so that it reflects the different goals of the stakeholders. Thus, each stakeholder has an opportunity to manage the complexity of the system, and can further engage in a rational discourse on how to proceed.
2) Reach a consensus among decision-makers before the evaluation (Luna-Reyes et al., 2012) with one least common denominator in terms of goals, and use BRBES to optimize for this goal.
Stakeholder issues ultimately emerge in the introduction of any benchmarking tool and in any evaluation. The same question can also be raised when employing human experts. Who chooses the experts, and whose interests does their knowledge serve? (Galtung, 2003) But this issue is more pertinent in e-government, which also needs to deal with issues such as democracy and transparency. The purpose of our research is not, however, to shift the stakeholder power in public governance in general, even though we feel that it is important not to gloss such issues over. We have only tried to make explicit how the system is able to deal with goals and stakeholders. With BRBES, it is possible to generate various "what if"-scenarios for the consequences for the overall usefulness if a subset of the nodes are improved; these can be used in stakeholder discussions.
Limitations
For some systems and contexts, other baselines may be more appropriate, such as the aggregation of individual items or other data collection techniques. Further case studies that vary as regards context and data collection can corroborate or weaken our findings. Moving the system beyond the field of e-governance would require a completely new data structure and GUI (the tree in Figure 4 ), but this is beyond the scope of this paper. However, it naturally follows that while. the LRF method, for instance, can be calculated with standard software, the BRRBES will currently need programming expertise and resources spent on development.
The elicitation of knowledge has been direct, in that it has asked for subjective assessment. We could have allocated much more time to eliciting knowledge in different ways (Cooke, 1994) , depending on the specific variable. However, we want to bypass detailed technical discussions about each variable through a relatively simple and uniform method of knowledge elicitation for BRBES's, which can show that BRBES can cope with uncertain information, aggregate it into an assessment, and explain the applicability of such expert system assessments.
We believe that ideally, assessments are best made in a process of dialogue with stakeholders, not only because of the possibilities to acquire richer implications for design, but also because sometimes a stakeholder will need a chance to adjust their basis for evaluation.
There is no explicit support for this. However, this dialogue is not always an option at every stage of the life cycles of certain systems.
The idea that the user can aggregate complex experience into a simple five-item scale may seem simplistic to the qualitatively minded reader. A related problem is that some egovernment systems fulfil many goals, but the aggregation conflates them into one (usefulness).
A system may be good for acquiring information about crops, but bad for distance interaction with healthcare, for instance. A less arbitrary test of the overall usefulness of an e-government system may be to ask the users to choose between two alternative systems, or between egovernment systems and non-digital government systems. However, we think that the rating will indicate the users' (citizens) current level of satisfaction, and their propensity to criticize governance based on the systems provided. In the same way as the BRBES model assumes that the experience of a system can be aggregated, parliamentary voting is sometimes also the aggregation of the overall life experience into either approval or disapproval of the current government, rather than a completely rational choice between competing alternatives.
The 5-item scale used in our case does not provide many implications for redesign in itself; it is a summative evaluation. It was not designed for inference of concrete design guidance. At best, it can be used for tracing back the roots of bad performance (e.g. weak user interfaces) and to provide some basis for decisions as to what part of the e-government application to improve.
The success of an e-government application is context-dependent, as are so many other IT systems (Beyer & Holtzblatt, 1998) . Systems that work well in one domain may fail to do so when transferred. The intention of this evaluation tool, BRBES, was not to discern a contextindependent property of the system itself, but rather to measure its usefulness in a given context.
Node weighting and variables may need to be adjusted in other contexts.
Conclusions
The development and application of BRBES to assess e-government systems by using the data collected from both internal personnel and external users of three districts in Bangladesh on 21
variables have been presented. The expert system has implemented a novel methodology known as RIMER, and allows the handling of various types of uncertainty. The data contained numerous instances of data that can be attributed to incompleteness or ignorance, and several of the variables dealt with issues of which users had ambiguous or vague perceptions. The BRBES dealt relatively successfully with this, and hence, it can be considered as a robust tool that can be utilized in e-government assessment. Expert systems of this kind can be trained in order to be used for simulation and predictive modelling. The systems can also be used for more descriptive purposes. BRBES facilitates continuous assessment of e-government projects and allows the identification of the variables that are not contributing. This enables the development of appropriate e-government policies that address the issues associated with a given 'problematic'
variable. An example of such a variable may be the quality of information. The BRBES has the scope being used to evaluate e-government projects at various administrative levels in Bangladesh. It can also be used to evaluate the performance of ICT projects in other sectors of the government, such as in education, agriculture and health. This tool (BRBES) can also be used to evaluate the e-government system of other countries in the world.
